Introduction
the Antarctic microorganisms have recently attracted considerable attention for their metabolite adaptation at extreme Antarctic conditions and for practical reasons with the possibility for study of their biological potential for obtaining biologically active substances with useful properties (3, 6, 11, 15, 18, 19, 21, 31) . the genus Cryptococcus is the most predominant yeast group in the Antarctic. in this genus Cr. laurentii and Cr. albidus аre the most popular species. Several new species of Vishniac have been isolated from various habitats and sites of collection in the Antarctic (29) . A large number of scientists have extended their culture collections from yeasts of the Cryptococcus genus by isolation from Antarctic soil samples the strains Cryptococcus vishniacii (25, 26, 30) , Cryptococcus friedmannii (29) , Cryptococcus antarcticus and Cryptococcus albidosimilis (27, 28) , Cryptococcus socialis and Cryptococcus consortionis (24) , Cryptococcus victoriae (9) , Cryptococcus adeliensis, Cryptococcus albidus, Cryptococcus laurentii (12, 21) . the moss, lichens, bird samples and moulting feathers of penguins from Antarctic are sourses for isolation of strains from this genus: Cryptococcus nyarrowii (22), Cryptococcus starzelliae and Cryptococcus victoriae (23) , Cryptococcus laurentii, Cryptococcus flavus, Cryptococcus albidus (14) .
From Antarctic yeasts from the Cryptococcus genus were selected producers for synthesis of enzymes, polysaccharides, carotenoids, lipids, bioremediation agents (7, 10, 13, 15, 16, 17, 29, 31) . the aim of this paper was to study the biosyntesis of the Antarctic isolate Al 62 exopolysaccharide in different carbon sources and to study the time course of the process with sucrose.
Мaterials and Methods

Microorganism
Cryptococcus laurentii AL 62 was selected as a suitable producer of exopolysaccharide (20) . Samples (soil) were taken from different sites of livingston island by the Bulgarian Antarctic expedition in the summer of 2006-2007. the samples were suspended in sterile water and after suitable dilution they were plated on malt agar. the cultivation was carried out at 4 °c for 3 to 14 days. the isolated colonies were reinoculated several times for purity, maintained on malt slant agar and stored at 4 °c. the yeasts studied belonged to the psychrophilic yeast collection isolated from Antarctic samples. on a rotary shaker (220 rpm) at 22 °c for 120 h. the cells were collected by centrifugation. the exopolysaccharides in the supernatant were precipitated with two volumes of cold absolute ethanol, held at 4 °c overnight and then centrifuged at 6000 g for 30 min, washed with ethanol and dried.
Media and Growth Conditions
analytical methods the yield of exopolysaccharides and the dry biomass were determined by the weight method after drying to constant mass at 105 °c.
the total carbohydrate amount in the crude epS was determined using the phenol-sulphuric acid method (4) . the protein amount in the solution of non-hydrolysed polysaccharide was determined according to the lowry method. the ash content was estimated after calcination for 2 h and glowing the polymer at 550 °c for 3 h. neutral sugars were measured as alditol acetates after hydrolysis of samples. the polysaccharides (20 mg) were pretreated with 2M trifluoroacetic acid (TFA) for 3 h at 120 °С before conversion to alditol acetates according to the method developed by Blakeney et al. (2) . the monosaccharide composition of the polysaccharides was assessed on a gasmass chromatograph system -6890 Gc System plus/ 5793 MassSelective Detector (hewlett packard) with an Sp-2380 capillary column (0.2 μm film, 0.25 mm i.d.×30 m, Supelco). using the temperature program: column temperature for 3 min, then 5 °С/min to 250 °С; injector temperature 250 °С, detector temperature 280 °С; helium as carrier gas at 1ml/min. Peak identification was based on retention times, using myoinositole as internal standard.
the molar mass of the crude epS were assayed through hpSec on a Waters (Millipore) system. the assay was made on an ultrahydrogel tM 500 column (7.8 × 300 mm; Waters) with bidistilled water as eluent at an eluation rate of 0.8 ml/min. the column was calibrated using the p-82 Shodex standard (Showa Denko, Japan).
results and discussion
in a previous study on the metabolic potential of Antarctic yeast for exopolysaccharide synthesis, Cryptococcus sp. Al 62 showed initial epS quantity of over 4.5 g/l and was selected as an active biopolymer producer (20) . the isolate Al 62 was identified on the basis of its morphological, cultural, physiological and biochemical properties. the morphological characteristics of the isolate were as follows: the colony was glossy with smooth surface and even margin, pale yellow colour; the cells were oval, spherical, single or double, b (4-5 μm) × l (6-7 μm), the strain did not form ascospores, teliospores, arthrospores or pseudomycelium; the true mycelium was filament-free. Its maximum growth temperature was 25 ºc.
physiological and biochemical studies showed that the isolate Al 62 grew well on a medium containing D-glucose, D-galactose, sucrose, maltose, lactose, cellobiose, trehalose, melibiose, raffinose, melezitose, D-xylose, L-arabinose, D-arabinose, and D-ribose. it assimilated mannitol, inositol, erythritol, ribitol, galactitol, xylitol, glycerol, sorbitol, succinate, lactic acid, salicin, citrate, starch, D-glucuronate; negative or weak reaction was observed for D-sorbose, D-glucosamine, methanol, Me-α-D-glucoside, cadaverine and nitrite. isolate Al 62 showed a positive reaction in the DBB test, arbutin splitting and urea hydrolysis. it did not ferment glucose or produce acids from glucose; it did not form starchlike compounds. it grew on a vitamin-free medium containing 50% glucose was positive and 10% nacl and 5% glucose was negative.
on the basis of the taxonomic studies and the yeast identification criteria of Kurtzman and Fell (8) , isolate AL 100 was related to Cryptococcus laurentii Al 62 .
the results of the study of the Cr. laurentii Al 62 strain's physiological properties for exopolysaccharide and biomass biosynthesis through utilization of different carbon sourcespentoses, hexoses and oligosaccharides in 1.0% concentration, are shown in fig. 1 . the epS biosynthesis by the producer on a xylose, ribose and arabinose containing medium was within the 1.5 -1.7 g/l range, and the amount of accumulated biomass was 3.0 g/l. Xylose was a good carbon source transformed by the culture into 1.7 g/l biopolymer and amount of biomass (3.0 g/l) compared to the biomass obtained on a arabinose (3.11 g/l) and ribose containing medium -2.87 g/l, (fig.  1А) . the study of the hexose effect on the epS synthesis by the strain showed that galactose, glucose, fructose, mannose and rhamnose were transformed into a polysaccharide, and as a result 3.1 g/l of exopolysaccharide were obtained with mannose. The oligosaccharides raffinose, fructose and rhamnose were transformed by Cr. lauretii Al 62 into a polymer, the quantity of which exceeded 2.4 g/l, the biomass of the trehalose and sucrose containing media was over 3.00 g/l, and when raffinose was used, it was 2.5 g/L (fig. 1C) . the isolate's preferences for a carbon source for biopolymer and biomass synthesis were related to its physiological characteristics and taxonomic affiliation. Sucrose was used for study of the time course of the biosynthetic process by Cr. laurentii Al 62 at 22 °С. The EPS synthesis, the accumulation of biomass and the variation of ph during the process, were assessed at concentrations of 30, 40, 50 g/l ( fig. 2) .
the amount of produced exopolysaccharide during cultivation in medium containing 30 g/l sucrose reached a maximum (3.97 g/l) 48 h from the beginning of the fermentation process. After that the target product decreased probably as a result of depolymerization of the epS molecule and inclusion of the products in the metabolism of the producer because of finishing of the main carbon source. In this connection a slightly increase of biomass near 5.55 g/l at 72 h was observed. Similar results were also obtained for the exopolysaccharide yield at cultivation medium with 40 g/l sucrose, epS -4.6 g/l at 48 h and biomass 6.36 g/l at 96 h. there was a proportional dependence between the amount of synthesized epS and the obtained biomass at 30 g/l and 40 g/l sucrose.
the maximum epS synthesis of 4.73 g/l was observed on a culture medium with 50 g/l sucrose at 72 h when the biomass was 6.6 g/l. A typical feature of the production of EPS from yeasts is the significant pH change, which proves to be a regulating factor in the epS biosynthesis (1, 5) . in the course of its metabolism, Cr. laurentii Al 62 strain changed the culture medium ph from the initial ph 5.3 to ph 2.2 after 24 h and these ph values were preserved until fermentation was complete. the strain Cr. laurentii Al 62 had good biosynthetical capacity for producing epS in the medium with 40 g/l and 50 g/l sucrose, and it was observed that the highest quantity of biopolymer was obtained at 48 h and at 72 h respectively. carbohydrate, 12.6% protein, and 3.7% ash. the newly synthesized microbial carbohydrate is a heteropolysaccharide of the following monosaccharide composition: xylose -45.2%, manose -33.6%, glucose -18.4%, and other carbohydrates -2.7%. hpSeS was used to establish the heterogeneity of the epS which contained several fractions with molecular masses ranging from 1.24е+06 Da to 210 Da, 60% of the polysaccharide having molecular mass of 8 000 Da (fig. 3) .
Conclusions
the strain Cryptococcus laurentii АL 62 was selected from Antarctic samples for biosynthesis of polysaccharide. the data from its biosynthesis showed the strain's preferences for a carbon source and the potential for synthesis of biopolymer on medium with sucrose at a concentration of 40 g/l. 
